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(54) SEMICONDUCTOR MEMORY DEVICE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a memory device, which 
stores information by using the change of a magnetoresi stance, is 
low in power consumption and high in sensitivity, and further, in 
which data are scarcely destroyed by leakage fluxes between 
acjjacent memory cells even if the finer structure of the device is 
employed. 

SOLUTION: In a semiconductor memory device which is composed 
of a plurality of bit lines 31, a plurality of word lines 32 and 33 and 
films 34 which are connected to the bit lines 31 in regions where 
the bit lines 31 and the word lines 32 and 33 cross each other and 
in which magnetoresistance effects are produced by magnetic fields 
inducedlay bit line currents or work line currents, the respective 
word lines 32 and 33 are composed of a plurality of word lien wiring 
layers which are laid in a same direction and in parallel with each 
other and which are built up in layers while the upper layer and the 
lower layer are separated from each other and, further, which are 
connected in series to each other. 
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[lWSIlH»*Ot»MI:; 
JiffEb' x h»K:ittWfiS8W-iBW«K(i3»*K*flli £*S 

[W;J<jS2 ] M*«f7 hut . 

F & k me b -y F & k fifrlE'7 - F & k 2&«30W £ flWC 

»*s<x. wiEb , yh*tcia59«a-r*a6s«fifiQ»«i» 

£M£ hWtori* * y -t/ufc and*. &*t7t c: k £#i$k 
2neH-ar*iT**£ fc mmm: 1 

J&SSkfcMIEV- Ht8«<0«8!E*|fi]«iSVH=:jfi*|6i-C 

$> 2. £ fc t -r sifcd&m * fcuawwi 2 e»<*>¥ 
sp^iei^s. - 

1 5t^{iW*3H2ie«2<7)^#:iaiS^M. 

[ n$ia 6 1 mrie±*o'7- f&jb k , twerJiatrae 

■7- HMWit TfllrtiSiiSWftO^- FHUimrfEb/W 
H tfOMiiStcfcvi-tV- FfcSBS!llHj|g£3£5£iSI£Sft 
T £ k k -T 5 iB5$<0¥3*#£IS. 

FtfUB k ntrl£m4<7)7- F&fl k tf*)l>T\sj <r>-mz 
[IMWI8 ] ffi^Ob'-y Flfcfc . 

mriet* ■•/ H^b^.x-thm^^v- vmtmii*?- f 

k IffliE -7 - F J« k A^X-T & fflttCJBA 3 *U mTf E b -y 
'Jb/l/k. 

v- Y&finn^vTv* mzn^x. Mev- Fiat 



k. 

[»*JS9 ] 1«»*«0t*-y htHk . 
fliftet'-y Fttfc^^4*jB^7-Ftti:flriE7-F 
«S:IB«rt-4«8R<P7- FtMBttlilBk . mflEb'.y hit 

kfiiev- H*t 3&*xx-r««wt»j«$*i. Hfriet'-y 
frtet'-y bmi5\ft<D*ji'Ti"( <o— mz, mt&nntiL*. 

«k8l£$ft&l&2w«iS&T-&9. m<n*.)\,7V4 

-T 6 35 2 k ^iffii. A>fLfc i k * W« k 

[|f*JS 1 0 ] .aafc^Otf'y hJSk. 
ItrfEh'-y MSk^-r-S^I^^^-^kmTK^-F 

t«i SS^X ^ 'J -fe^kT&^x 

Ffluac HfrfdiEmffi J; 0 t'MvW* < 
gUtSlB^k^i-^^CkSrWtSk-r-S. ^M2« 
MK. . • 

[fS«JSl 1 1 miS*Ob'-y FJSk. 

mtet'-y hjak^x-r^^spts^v-Ftakfnev-F 

ffirte7-Fiisit={±, MiaiEiEBSJ; o t> n ^ t Ai^tggE^wJt 
[ mmm i 2 ] a»*o t- -y 

BMEb'-y hiaklrlEV- FSS^3SX'TI»ffi^tcJFMS 
ft. MIEb'-y F^kitt^J^-ri.mSUSfitx/jmMkMJi 

[000 1] 
[0002] 
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«0«^tLT«i> $y%tt<?)DRAM (Dynamic RA 
M) , SRAM (StaticRAM) , 5F|?^1£<50MROM 
(MaskROM) . Flash E 2 PROM (Electrically E 
rasable ProgrammableROM ) ^^rfji^tcaj^&o'CM 
4. ^ft, DRAMJi»«tt^*i;T*4fc:tW^*r, 
*«Xfi3AHt (SRAMJCjfcX.T*/UBB«* t l/ 
4) , ( FlashE 2 P ROM) <^j£T»*VC*J 

[0003] »S »i WC!R»«tt<0Flash E 2 P R 
OMtt; i*raTI6W, S^^iSSSt (W 

/E0») 75*1 0 6 SJKt^=5:< . Xft&&aiMllt> i ? 

mzlgQg. ( 1 2V~2 2V) SWar-fiiM?***** 
<0|8ja*»fe, DRAM?I(iTfi:^#&mtT^:3eV\ 
(0 0 04].CfHC*fLT, SMB****-*-'^* (ferr 
odi el ectr i c capac i tor ) & B!V ^T^r^ftl^tfe^ 'J COF 
RAM (Ferrodielectric RAM ) 1 9 8 0?t^ 
SftXJSl*, TO^T*9.-»*»X.I8I»*«1 0 12 t 
. Xtt^itJ L&tffcfc&adSHItfD RAMSJK-C* 
*). 3V~5Vffi|f^*«IlgT-S)S^«O*0Wi^S/iy>. 

*§Jfti|2ljSW(<l 0'*TUL lOOnst^ 9 A,* 4 J* 
T\ (1 OOnsxlO' 2 ) / (6 0*60* 24^) 
= 1. 1 • SBUEJ&tfl OCOI 5tHULt 

T-^r^t. 1 O^JJJLhiSgSffil^aj3l5T. DRAM^O 

[0005] ZtllZttLZ. ifi^GMR (Giant Magne 
toResi stive ) K^^OES^ffifil ( MagnetoResi stive ) 

flTV^S (J. L. Brown et al, IEEE Trans, of Compon 
ents Packaging, and Manufacturing techno logy-P ART 
A, Vol. 17. No. 3. Sep.. 1994. *?\ Y. Irie et a 
I., Japanese Journal of Applied Physics Letter. Vo 
1.34, PP.L415-417, 1995.-^. 0. D. Tangetal., I EE 
E InterMAG'95. AP03. 1995 . £ <r> i o ^StSSfficta 

,5 W±tDRAM-7-ir-y h. £¥<8U"M t 0 . RT/H 
ardDisk (HD) i«i"flU.4*rfl8tt 

*>*#.>£. 

[00 06] 01 7 (a) C^GMR/t!;<0-c;l/ 
^iffiHa-. 1217 (b) izzcoy-WM&B-B 'grBn0 

mi 7 ( a ) Rl/m 17 ( b ) IZ^TJ: d IZ. 
G M R BR 1 li f y h 48 2 , 3 CfltfUSMS L. 7 - K « 4 
tiG M Rflg 1 wiltt' -y blSli: J: 3 tcJBBSS 

018 ( a ) t«*Wvy»B8ttJB 1 
1 . ttBttWffcJB 1 2. &tf3MKttJB 1 3 0«JBBB*»6 



SGMR, IWfc%Btt**fflV^GMR^»CMR (Colo 
ssal MR ) <SEiJHJR3*VO>*. 
[00 07] mz, GMR** VWBttZWl 8 (a) 

w^BSttJi n. 1 3 *<3 . tmemBKm 

*H%*fl<JI 1 2 «r±TJ: 9&tf5!S]&ttJg 11. 1 
xtytspinlli, -tfoiKffTtiaaftfflSf^fflKJ: 
OS^teaWfrrtOXl^fci*-?. 018 (b) 

(C^r>7-F««a[fc:i4«ff4:, 018(c) CjjrT 

t. 018 (b) . 018 (c) 4>s ftOfcii • filttffi 
TOcGMRJK l <r>2-o<rm^&M 11.13 \,z*fem$ 

h. t*-y MumaHcA^awtt^-HafcwtcGMR 
^ i oaattJi ii; 13 tc:#ffl-r-s . &mmm<n3, 
t:>T6rrt*SBfti»*r; MSiiaEttiii 1.13 o^t->- 

[0008 ] GMRM 1 016(a) .016 
( b ) , ai>'01 6(c) C*-r^ ! 3r^t'y/</U7'i2G 
MRWLtfmS&ZftX^h. 01 6 (a)IJ3SMMG 
MRI^Sr^-r. £«KttT*fc«=»«ttJI2 3 (C 
o, NIFe, CoFe, N i F e C ocwfft* 1 — ffl 
Sr^m^S^fTS. ) . ^Btt*«WB2 2 (Co, 

as, Au^-rtLi—mi^mmmmti-^. )r 

l^JKliil 21 (Co,'NiFe,.CoFe, NiF 

t "o" x-^t-ri). fHwosEti^tu-cji, mm. 

JB2 1. 2 2fc7-H*<^)«S(*lfl]t=«L"Cat*-rtl<0^ 
fyar^-ttT, >Iri*: "0" f-^tL. V-KtStC 

tt. SfetRJt*ojSri*iv^rv^^e>^riaji:isMri6ifc 
it "1" f-fbirh. mz. ®ffi8.fttiltT'itxV> 

wxMit-f. v-vmmmzxzmfttt'-y bmm^z 
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-**«SLt*f*£l:HfcJ:3fc, l91EBUr*!K£3 

Lr^of^fWBwaastiiWfifitt **; " "o - r 

fcft. . m&t LT. t* -y Mta&fttt 

(SiSStfc&i) (J. L. Brown et al, IEEE Trans, of Co 
mponents Packaging, and Manufacturing Technology-P 
ART A, Vol. 17, No. 3, Sep., 1994. ) „ 
[ 0 0 0 9 ] H 1 6 (b) fctfHidflx tr >J*)l>7m 
<7)ffi&&7*L. *<04«l4W*«OTO«caittJi (Ni 

Fe (Co) ) tfm£omtiimLt,zmr?-'t&z£i l z$> 
«. h 1 6 ( b ) knTMiTfr^mtzmmM < n i 

Fe (Co) ) 2 6.-#HBttt*frJI (Cu) 2 5. 3Xf 
(¥) SSmffii (C.oPt ) 24 2-»jfPT* l 5. 

(^) fli«HEaJi2 4co^t>'*ifij*«Ke-rsja^5$j£ 

< . ttttttA 2 6 <DX £>*toa*KK"*-*BMHIt 
( V. Irie et al., Japanese Journalof Ap 
plied Physics Letter, Vol.34, PP.L415-417. 1995. 

m . i^t, 016 tb)<f, mat*, mammx*) 

n<± "o" t-**e*u mm&iRmfrt>9mtz** 
Ywsmzmtk . m ne^ttsti - 1 - t 
-**ia*r*. i^ffiu*i±, 0U«r. "o" x-? 

swt . wmm 2 6 u«ntttf£« 2 a t t 

6 k ®3?SBtt« 2 4 OX b y JiH*r*i k 4 0 flSStft k =Sr 

[ooio]0i6 (cxi, mtojffi&mAKwvi' 

7&nm&i*t. c<o«UtT36»^>«lt=«t«ttJf ( n i f 

e (Co) ) 3 0. ( C u ) 29. ft«£ 

KNiFe (Co) ) 28. XX/RSSmtM ( Fe M 
h) 2 7*»fc$r4flWflrc**. <M8tt«.2 8liKS8K 
fflS 2 7 k J: 03$ < *ttfo£ , i^xtyj: 

to. imtt«3 0«irtaJ«JH::J:»).XlfVA«K 
!|SLTXty<0Kte. *R«E(CJ: , Jffi«frtetrr* (!>• 
D. Tang et al., IEEE InterMAG'95, AP03, 1995 

m) . 

[0 0 1 1 ] ZCKkoZGMRS^VlZ, ftlc^-f fall! 
MRHTU. 7- Hfftfc: 1 0 Om A-»AO*Sfc*8K 
0 0 3S»A«Tffi ) S <'C1 k tfX' * & fWOaWttaW* 
I- f 5 GMR »5 iC(± , S fcft . "7— )-' tK« 



Sft!lS4LS I * WhlXumX'tb 
»oftv>*v4SSi3Ht* (IMR$) <o*m*«^* 
k . 4 V- FIRVftS: chip p^T'S-f 

. JSLhO|BJH»±EI 16(d) tc*R-t«Jr [ O 
e ] k M R^-ffc^ ( % ) CDM&X'BPnZ'Z h . »«OG 

-r. ) uhsk. ctsoaKctfe&sBft. imr$«i 

[0012] §f,C. fi!*ft«rT«. iMiRtTtV- H«' 

1= &£iiT V %Jt*&t=aB(?-fe^liaOWt* lift 4 D# 
[0013] 

mi o^m±t i o^a^ffis^prtg-c-As* 1 . istm 

^riSSrc h i prtT8l«-ieW*»*0» SSfc. MHnv+ 

mzMR^-zt. a z>iz±£KtM8BmwmtL. mm 

MzW$^ : i><Ob%Z>±%%X&tfJF£l.X^tz. X. 

$ ti h m\ iz h h t \y a x-*sr n -> x . 

[0014] aWMffli. ±lBWt***UT*S*l.fc«> 
COT'. !K5\aEtn;oS:-fbtc i 0ffi$85rieitf &R1Cft!E(= 

[00 15] 

a*ob*-/ Mat . Met'v h&fc^x^-a t*cc s 

mmsmttimt umn* =e >j -fe^k ^>n^ c 
t j#jgk ^h^mz'mgm.zmz-tb . 

[ 0 0 1 6 ] X. ±EKHS:JW»i-r&-S(c. *%>BR<7>m 
2J±. WWaOt-yMlfc. MIEb'-y NJgk3tXf & k 
. H-flKKBKp <^ tf0lS?Wffi^$Tl * ttftJiW "7- 
KaUB*»A.4*tt»*WV-H«k. fiirtet'-y l-$^kn? 
tev-H^k^^-f^fi^JFM^ix. Mlef-y htft 
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[00 17] ZV>miRVm2<WWHZti\,->X1ff*L\.'i 

t, frsjKs^ts&mis^TStwjBBgsn^fne^-H 

e ) m.$m,tmmi&<7)±mizm <nv- mmn>m^ 
*u ? e>izmi<7)7-\iim<D±Mtzm2e>'7-Fmm 
tnmzti. mzm$m,fmmm<DTmizm3<7)7-v 
mmtfm&zti. ^h<<z'm3<r)v-vm.m<r>Tm^A 
w-vmmimw&ix, iwekh w-mm ttm. 

m4C07-Ytmb&*:tl>TU'( CO-l%lZt3UX®mZ 

fu ffte^ 2<?> T 7-vm.mb msst4 «v- khui t *< 

•y MSt . HTiBb'-y hat3cX^S?t$Pl=or7-h:a 

t . flriet*-y hatmiav- h'at#£x-f sig^cc® 

t&Ztx&Wi2c?>W.m&X'fr 0 . WkD-byUTM tffc: 

zim^z%2<nmw&btfm*.t>ixKzbzmmb^ 

[ 0 0 1 8 ] X. ISSBmiUfm-titiifAz. *&w<o 

■»4fi. «&*<ot*-y hat , Hirist'-y hat^xr •?> 
h« t . tsne'7- Htt*«n«w*«»e57 
- vmmmmiib . Met*-* ha t nut a<x 

»^B5WttCtJ»*IRk Srffli l>M^ =E 'J *.>Vb . W 

let- y m^-t^7i"f<?)-«t > fl&«s<o«ffl«t o 

fclft^«ffltefl^**JS10>*S«i:. £03*1 <7D«iS 

(8 1 ««e s fit » 2 <onaaaiT» o , m<o^.ivrv -r <r>. 
t'-v hlgw-ffiHc. (liiig^tSfti >) i^vv&ft 

s 2 tfofsmt t 4>*ifc .r 1 *»at -r 6 



C 0 0 1 9 ] X, JJEWBSWSHf 4fc»{c. *%B^<7> 
*5tt. «gfc*tf>t'-y Mat. ItEtv h«fc£3W-* 
iggpfstfO?- Hist . WW- Ym:WbthWmv 

-Y-mmw&b, wee* mtmi^-mb^ 

XthimtzBmZix&bMz. firiet'v MSi^g./ f fc: 

b ztitzmm-zmmv- h-ast, msjEmix 0 1 

* $ v tj&TOdfffife* StK t #tf§ £ t>1xtz z\ b £ b 
1 0 0 2 0 ] X, ±!B^ffi5:»^iri.fv:^{c. #&sj5<7) 

ig6«. ii^<7)h'-y hat, itriet*.y htst^x-rs 

-H*MB3ftlHl»t, Kff5t*>y hatmftS^-h'ao^ 

-rz>mmz&j$,zti. mE^-/ hmzm^mmthmss, 
scit tftmb^z^mmzmmmzmm-tz. 

[ 0 0 2 1 ] X, ±l5!3ISSTg¥ifc-f 

mut. «^^b'-y hat, mri£t->y hat^x-rs 
ffigtiov- h-at i frteb'v ha tutrix- h-a* f 3£x 
•r4®is^«$^, «tnet->y hatis?iig^-ri»Km 
btmtbti. mitev - na<07j<¥&u(imr 
tetr-y hat*5r&t§$£:fi-rs ; t Sr^a t-rs¥^ 

#K«BISJlflW4.. 

[0022] (f^ffl ) *^BJco^l atA'IS2 (cj:^, 
^SSG»*1K«±, «S®<7)'7-h'a(cJ;S^:^'7- 

S. ©!-5T. lJi^C-ha^fflV^^OK^ffigK* 

m^S:fflv?tfe'i^^tc^L-c , 7-h-a«o^sct={a{ri:b 
fifj-*- S ^ # v e>h.z. -5-LT,1SSS:(7)v-h'a 

jiS:-fe;ua^-riggs-ri»c:tT-e?ij«^$-tt, ra-«a 
ai*^c!£iismss5-fflv^if s stxconmimzttLx 
immmomimx\ m.commzitm Ltt* tc 
<&mm*3$&.ii*thz\bwx'% t . figoT, /h.$v>? 

- h*a«cS, /JnS^c h i pJfi««8tC*S3flra»UStIt 
[ 0 0 2 3 ] X, *.^«y1^^3 £ Jrtlfer, SotC^K: 

h-aw^ra«isctfomsu£CiS!) 
Tsv ^^itfj-r -s v - h* at=«5 v ^zmtm cua^ss 

»0«W)1tiRSrlty!l«a . MfcO-fe/Ur U ^"7 

- h'a Sr |3|i«tc«Ff^ $ -t*-.T t rHSStESK^iajD $ ix-f , 
*»«0-fe/UT U-f ^HscOiHSmjJ S-JIP^. I> i t A f tU* 
S. 

[ 0 0 2 4 ] X. #?MJ!<0JIM t JrtLtf . *WrS-fe/PT 

u-r tot'-/ h asi?®jEi ^eomJi 5r mmmm-fixtf. wm 
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ffitfmim2iv?l,z , chip offlWA £«3;i 6 d fc # 

[ o o 2 5 ] *$m<WF> jc , mm?- m 
izma^izj: Ksr&*^y*/^ot>ft&# 

[ 0 0 2 6 ] X, #%BH«0gS6 lz £tU£ , SS^V- K* 
KStftSK^J: 0 , BUS**** 'J •fe/V^fc-h.HW 

[ o o 2 7 1 ±te*^o^6 t injf, v- m 
tm&i&im%misi<n$mzvt*;± g . 

«*Jl<0±TJitwCo. Ni. Fe^&tf,rilfe?>£ik 

^anattJiaWKftsn^Btf**. x, x\£>wm 

GMRifiCu, Au, Ag, CrfO^aPIMi 

con-race o p t ^ (¥) isefti&fcyi, fai<5oma!iocN 

iFe, N i F e C o*Ott«ttJf*#JSLfcfflrr* • 
S. X. <fe«0Xtr>->'^7 , MGMR^i: LT, Cu, 
Au, Ag, CrJ^l^attaWMftOJfrBlfcN i F 
e . N i F e C o ^(OffcEfrftJl i: F e M n««>K3ftffif£ 
if. flfiOfrilt-N iFe, Ni Fe c o3?;eD©:B^ti®£• 
JfMLfcI8^c^>.& . x. a i 202^<mmmmmm- 

C0P5IBHCF e^tf05$KttJ15:^Uc h V*/I/SIGMR 
IK, Pr, Sr. Mn, O^fc-^tfCMR (Co 1 os 
sal MagnetoRe si stive) Wflb 
i. 

[0028] 

[&91<9Sttfe<Z>$S] KIT. HBf*»!HLoo*»^0 
(§11 (rmmrmm) HI ( a ) {i*S6^JB 1 
qfl-riiTtib^^D-fe/UBTMllTfcl). X, HI (b) 
0. Ell (c) Ji-fe^TW <0"7— HtM5T*J*3tlrfflBI4: 

[0029] 3Wat«0«J8-C{4Hl ( a ) . &tf ( b ) 
KiR-fJ: olz. t'-/ H*3 1 fc . ZtiX OJJS SOTS 
JEMES'ftfc h'SSl 3 2, TJS"7- Kin 3 3 

t tSSX LT JFM 2 *lT *5 .0 - SOW" h fflttsK 

Mig^t'-/ h«3 lfc««3*UfcGMRIK3 4a«»jSS 
ilT^S. oi>J. GMRB83 4«i£J:t.UB7- 

Fi*3 2*«£it, ITtTfl7TH»3 3A J !Sft<b 
ilTv>&, X. ±iiZ5Ll/TiB , 7-H^3 2. 3 3(4GM 



RM3 4&l^JilSIMS:«iS^ffi«±*ffiOi8tt^rfiJlc 
MO^piotMStit^S. JIISIKMtJUI. Til 
7-FK3 2. 3 3H#tf.rftfefcGMRI834&tft; 

[0030] ftK, C:c0^^'J-fe;UC0±JlV-K||32 
(c.'WitftttiiiOllBBOIJ: O^MIffil (OC • ) 
St, TH7-K&3 3tc(±, fSffico^BfitflJ; DIETOW 

(OtwX) C«8SS:8S-f. -T&fc. ±JI'7-K&3 2.S. 

^rosta lioftgut: J: o , mttM-fimizm , ism 

-&fBM#&ft&.lX , GM Rflg 3 4 (C f£fflT& . 

sffi) i9^-t&ffi^^2^ja^s«"c-*>*. 

[ 0 0 3 1 ] £ iT. Wi.<i'H 1(c) tc^-f J; 5 (3, 
JJiStn r ^'7-HIS3 2, 3 3 5-, -fc;WTW <0;£ig 
■fe/1/3 6 a#>fe. «*B-te/U3 6 1 £r3l£#<i'U 
&*/l/71^<0:£^T':3^:?:?h3 7t:;J: 9.iU«B»W 

it, ffi&nmtM&tffl—x'$>*)*tft>* 2 mw- 

£4:**^**.-. 

[0032] «-jfAs<?5«JE^EpflD<i, _tJ!7- KII3 2 
C^y^ h'^SEi!)0S? 3 5 J: 9 V 1 <0«BE2rE(lRrU T 
H8 3 3 WAV- Kf8USEi&EI&3 5 J; 0 v 2<0« 
atcS^^ix?.. V1>V20»*. ±JSV-Kil3 2 
tc{±, ttffl&KQStettSt* 4 ^. 3k: 
(4, «Sffi^(6l^^BS* T S^2>. Vl>V2«Wfc"L 
T, Vl = Vcc. V2 = 0Vt'ft->tt^U V2 
>VlcOfi?iJ4:LT, V2=Vcc, Vl=0VTJ)oT 

9(cVl, v 2 SrfiS^iaa LT^v%. r-^##ii 
^/S!^/vf LX'C0±JS V- KlSfc T«7- H^H(4, 

tia^cv i -v2^ < , mx-tztmzv 1 - 

[ 0 0 3 3 J :*2ttW!HIW= i*U** PI t^K^Sr <t 0 
/Jn3v^-F»7K»«SI=J:9»£T**. X, 

fflv%-c t, , ffi?^mgscoL s i * ? ^js-c-^ , mmnj) 

t, •feV^«*l«!I±«0WllL* t »r(Bt i Sr4.' 
[0034] *l?Ji(!!m B .{4, 01(c) ic^LTtrt^c 
PS ft-** , #JB ft BJAftUWi «*-CiWUf fliKOtm. 

mm %> * * it 6 . **wBina viaTKUWBt * fm^« 

Jfi^JSfcti, ±3iL^GMR (Giant MagnetoResisto) 
itUCu. Au, Ag, CrlW&kWaMfflMto 
WmilzC o , N i , F eWRX/Zt\h<^&e>®&®M 
&WSiZ-&t:l£&U&-&MGWl RBMs s£{4 C u , Au, 
Ag, C r^^fiattS^iiWfrPJtC. C 6 P tWO 

(■¥) 555«lS14/i- (QitSltwN iFe, N i FeCofW 
CCJKttSftSc^t^^tfW^T'^GMRJS. i£(4 C 

u , Au, A g ; C r«9^^H*BBttt«»»»BWfrlHtC. N 
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i F e . NiFeC o «E0fM81£Ai t F e M nWCOBM 
W&M. ttOJMBfcN iFe.NiFeCo «<bt:Bttt 
IS-ftaUfcXt^'OU^EGMRBBWtftS. X, r- 

y^GMRItU. A 1 20 2a£o#&B5tt&& 

*<opiHfc: f e womm&mzm® utt o##$> & . 

X. GMRWlCifcUs Pr, Sr. Mn, 
S-irtfKCMR (Colossal MagnetoResisto ) W^ith 

-7Q -f ^Srffl^ & i 4: t *TBgT'£>4 . 

[0035] ( m 2 wmtm&m > xmicom 2 
<n9mm(o^#Kmxiimtb-. 112 < a > r* 

.X^y-fe/UfflBBs 02 (b).{i-b/Ur^^cO'7-h*|g 

m 1 Rx/m «7- H$a®4 3a, 4 3 b k . ;n 

t><7>TMI>Z&l$.i$tlfcGMRm4 5 k, Z^TmizBfS. 
Six*:g?l&lJ r 3l2c97-r-'iMyf44a, 44b&i&tt 
t'-yhgl4 2»i:4Jg^y-H8Wi4 3a, .4 3 
b. 44a, 44bk5SXU GMRI4 5ii<I<7)3cX 

10 0 3 6 ] friz, Z<0^^ V*)l>4 1 BJf. 

tov^TSft.*. -X^'J-fe/^ i<r>m m/m <r>v 

-K»l4 3 a, 4 3btC|!]-:frfa<7)«;SS&3SU ^3 
&^4<0T17-Fl44a, 44b£. SIl&lXIS 

2<r>v-.Yimbmiftv>w8s.*m-z}iiiz£*). 1* 

<0V- K*8<0«8£fi{ia!#k IWC* ->Tt>» ^fflt* 

..[ 0 0 3 7 ] <XtZ, #7- HIMI««tt(«V»THW- 
§ . *3dt<3JHB"CfcUS 1 ^V- h'tsa 4 3 a k SS4 <0 
7-h'«M44b, 352 OT- K4SUB4 3 b £18407 
-b't8JB4 4a. &tfS52 (DV— KI&J1I4 3 b k3S40 
7-F8a'44aJ, 122 (b) Kjjrf J: 

COPPST". 3^?h46a, 4 6b. 4 6ctCj: 
f£r>T, «*kHt»TH«arC 
<&0-£j*S8#5:3SlJir3 , fill COXMWIBJ: 

mri4 5izj:v&^m.m&tmtt.mtm$:mm-r&z 
ka^im:**.. 

[00383 ^. -r c T"&«K&m & mmiz&m- h u 

mm2 (b) iZ7f;-ti><?)tzMt>h.%:^. 7— h-&-Ncr> 
EPflDHEV 1 , v 2fcWLTUtSBl nzmewmt mm 

coo39] (9i3 e-mmmm ) mz-^wmwi. 3 <r> 
mmmm fcov ^x ?&m-t %> . ±.m Ltzm onmrnma 
i -3 i / zwms.tjffi$ikmn±. t<07- mzzmzmuz 

H«t:-y **BJW4 k - 
?fc<0 J: '3 ^rfSl^vfg^-r 4 k JSLb*i4 . 0 , 3^ 

±m < .$ 2 wydficojBJBwwciiw 3-7-1-- ®m 4 a 



a ) k -7- KJgSBi6iniSS5 7 4: £«fflW-4 -I ktffflfik 

[00403 *mmmx-\m 3 iz^t «t a t . -i^ut 

U-fKtc. &*3ESt=7-K«BJ»iSH»5 7CSf«L 
( 12 3 Tti/tffllJfcif 8W4 7- KttffilMilft L 
Jt. ) . 1523^^^ f-fci KII»ttiaM^>Sf 
«#ffl*S5:T?-r-'tSyg£S2 ^^^^hseb^l'tc 

[004 1 3 V- KIMBMI»fc<o«tft&ffi*f 

.SMcffoT l^4;fe/Vr U-f Pl±tiia'3 (CTnf «t ^^&(c 
-r^LTEfg-fi.. -t;UTU>f A<r)m2co±®V-Hia 
<r>£ 0 l>zmWM^tcDmmn^^mt^>UTU-( 

nTt-fe^ri^-fBcoisioTac-Hiisji. -b^ru^ 

[00423 *HJS^S(=iJ{t.6 7— PMMJKHIi. S 

{m4<omm<mm) mz^mpAnmw&wmzw. 

[00433 _BfiU^i:3t=. 1 JIW7— K&£ffll,vC 
»g^!GMRIC "1" iSfctX "0" f-^s-tstss 

Hi-S^J^^jR ( J. L. Brown et al. IEEE Trans, of 
Components Packaging, and Manufacturing Technolog 
y-PART A. Vol. 17. No.3, Sep., 1994.) lz£*)'jmX' 

[00443 L . ^ilco 7- h'JK$: ffli ^/c*^ 

S. ±^L^^T "1" f-*£»S&A,*f*£fcH 

**tur, xvy-Jjmb®m&¥rtfmt?iftX'fo&t:if>. 

V- H««8tJcW4>-r^ c>1i7- Ktt*iait:Sv »(=a» 
*l*Ifcm<. *$«4:LT. t'-y l^^ffifittiWffiittk'ar 
4. "0" T-^T^itffi^KttJlcOXfy^-rfilklll 
rtlf?> 7- h-^moS(c«fc 

/**aA#cci^ri«iT8rtt. Kot. 04 tc^-r j: o 

E L , #-b;L-ru -f 7- KISlO-JiSB. £RJ 

iJfV 2 WSteS-i. h 7- F««W«BaJ$:ftiifli-r4 C 

ktfx-hh. mm, m3eo7-Kian(4. g23y^ 
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[0045] *mmmi%2 nmwmmoz o kjl 

KIT** "7- KUlKftiMtcfT P VtfTS 6 <50T\ V- Kta 

[0046] ( m 5 ommcomm ) mz^m&m s<n 
mmm&m5 ( a ) mf < b ) ^ffl^-cira-r-i. . * 

H56^S<i:[15 (a) t^-Tiofc. GMR-fe;P7 1<0 
±Ji<7)y-H^2-2« (^l>7-KJS7 3a, ^27- 
KIS17 3 b ) fcLT, &«KI^-;frf*]<^SS£SKLT* 
co-&fi£E?Hw J: 0 . S^-K&Uc J: 

^2^(c-r^Clt$r1tlSfr^. #Dlf£^©T«:. mi 

frt>m4commmcoj: o izGMRm^Tirut'?- k 

tiz-tiza. K^izmimffit&zbtez'%*\,\ -e«r 
x\ *%mmx-ims ( b ) <,z^tx stzv-vtsm 

A<0*-ffitfO'7-KiaieS6[II8&7 5 afrt?m±V 1 2#& 
&£;rt&mi 7- K&B7 3 a(i-b;UrU^fS^-C-ff 
<f$;h.6. SiRL^mi'7-K4a«^o^i,X'f -yf- 

Q 1 C0*O N^S -I i: IZjZ *)&V- h'i££;£jI<DjfS 1 CO 

mm&7 6izmm2ez>. $i«iM76ii t'vh- 
isaL^tmH'rasJi^t^v^ m 1 omigta7 6 

X-f •yf-£ltLT#-te^TW<7)|g2cO , 7— h'|§i7 3 b 
tC$igi£ft?>. git^LTt^-HUX-f 7fQ2J^yf 
SittcJ: 1 ). ^1 v-h'^Ttcln]-^- 

mz&2V-Y&n,fa*m-Zttfi-*smzti:& . JfS2>7 
- FS8cO:£iSHiV 2m&.Z5-z.&mm®S%7 5 b csgg 
SftS. 

[00481 Jilt, IKBBLJt i dtc-b/Uri-< fcSWg 
8W-|>1f&Ji^7-F&&idl5W-6C:fcK 6 fct^ nt& 

[0049] (S¥6 cOHJJEcOJB© ) fctc . *%BJJc0Sil6 

Wl t <fc 3 F&r GM RtfM<0±®$> S WiT/fO^- 

injIfCHia^UOiL Tt-t/^jt^&Cffl Lfviii^-cO'7- KM 

-Uftnlzmix^,^?- F&mSiicJ; 0 . Si^ji^S.t/#^ 
&?yfr'irz.Z>H. *.)VTV4<n>-$& m<bX'\$1x$&) co 



fmrnmi'-gftx-z , &-t)VTu4 (c*jio v 2%mz 
zLxmt® (me x'\zm,) x-av 1 

•tt>. -7- h'iaSBfi&lHlS88 5$:X^ »/+t LXM^K Q 
3c0«^>f v^£ftLX&mcr>7-\<m&mtRiii* 

h. wso-i, wsn-iii, v- Fl&MircftJfspfl-f- 

[0050] (g7 coms&cmm ) mz^ ^m^m7 
(ommmm zmm-t s , ±a*com 1 nm&6 cnmmm 

izttMLxnm£ft<o&m<*z <^st^5 ras* j s> 

i: ^rl. . J: 3 £"7- F&#*iJ&«f 3 i t lz 

[005 1] *H*E^.«T'«07 (C^-T «£ o iZ. *z)VT 

W<Z^-iV n<> f3- ^— (Main Row Decoder) 
9 2. 9 18(^ ^0- f-'a-^- 

(Sub Row Decoder ) 9 3ZWMt&. f X 
Av o— f*3-y-9 2i:t7" a— ^a—y— 
yV-Fm (Ma i n Word-Lin 
e) 94£<k9}g^U -T/ n- -f'3-^-93^ 

h^-yrv^ 9 i^i2is:-rsv-h'jg(c(i, *%0gco^ 

[005 2] d<0J:3t=T3-r-S-«-SiN-.S.vli:T'. 

&t*?r cmm<vm*:iz?mix'Z h . 

[0053] ( m 8 coMficoj&<!i ) iJCt^^^&Bgc^^ 8 (0 

mmm%w?ftt&. mM^MRAMx^t. dramo 

J: i\,zm$L<r>*.)VT\s4 7uv7<nW!mv-Ym:n 
^'SSixSGMR^^'JCcJiSc^T'^S. . 

[0054] ^mMmx'\mm.<r>*L)\sT\s4<7)*m<D 
7-mzmmzmwLxi>z<?)im^.ffi.zi <r>^>vr 
v4<?)\ <7-m.z?dtRLtzb{simiz{£mx'Zh. 
^mmmizx KH&rmm.jjx-mmco'?- v&nmmt 

[005 5] 08tC^-r2-O£O-t^7U'^7"n-y^A. 

B&mizm (omtmm^mm-t^. ^n-ru-iBizit 

i?^fL-fe/uru^ BcofiScov- mi 0 2 Bc0SEtb£ 

ffll^SS^WU'/ AcOffiS^JV-HISl 0 2 A(D 

^^^'OSMt&^L. tg^.tc (V1+V2) / 
2 [V] "(VI. V 2tA«HrA'7 > H (3*7- KJgSESIjdl 
»10 1A. .1 0 1 BJ: 93-4.6ft.61tE) HW§ 
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ztTm&tz. maco^mmwu < v 1 +V2 ) /2 

U * * v FW +ttlSJ£ L . «>J -fe/KOlMW 
tttQlOfcOFFLT^-KfcfcOJS&Btetto. -ft 

<". 

. [ 0 0 5 6 ] feLLBKIl Lfc«k 5 tz. *mW&mzJi Offi 
Lfc%&T<>* HiO-fe^TW"fyo-x^<0l2(s:<7)y- 

^tti^l , chip rt^A^-T & £ t a^TtgC&S . 
[ 0 0 5 7 ] ft. ii&OBWHTUt 20«-feA'7W 
•i/^S-ffl^TIKB^L^. 3 oJ3Lfc<p-feA'TW7'oy 

aw%fe"Tft . 1 *«b'7 h&£SifR LT 

[0058] ^mmmmvi,mm<r> j z^Tv^<^wm.cr) 
t*-y htt*R*fcai»?utfc*«oam*8tei <o-b/ur 

[0059] *mtm®Zffl9<r)lr;i-2 ocTHr/PTW 
:/o-y?£ffl(;:§£Bfl-f.g ) . yo-y? 

A, BCOot>-t/UT\s4 BCOb'-y h- tt«SX»^QI»-Cffl 

tiuzmmmvx^h. in^-t/i-TW Bobv 

[0060] txufflme j: o . nao-t/i/r w ya 
■??cotm<o£"/ (mm— b/yri/^^t' 

••/MS) 5rR»$£®$L*:#£-Tt>, *-<0;rS@S»it£, 

ii^tfswfttii*!.. x. *ni6mw=ioaa^t'>y 

r-^chip i'ps.tti^J . chip FVvAfr-r S £ t 
[006 1] JWc. 389 <OlU«E?I»<iO»4fflSrHlO*fflv^ 
1 1. a-f^-yKlg^&V-FIIWLO -WL7, 
0, BLO \ BL1, B L 1 ' . ittCfifrj&Ofc'-y f-Sfc 



[0062] GM 5 %~ 1 0 0 

%mjgifrm%ft**<. i *»t-y-nRfc:sGR mi 

li'ng) «-fe^t«»W-*i:. ©fi^ft»'l/n{c£ 
9Pttl4:*4. *fl"C. 1211 OKijrf «i«f; 
48(11 la, 111b. 111c. llld)(7)-fe 
/l"*SN*LT. StR-TI.^7A$lJU?|ilCSLn-2(7)h 
7>-^Q12^U. X'fVb'y hUBLKCjg 
i^-$-g>. BLlMih7y^^Q15, 16£tf-LT 

ff3. x, GMR^tyii, awKtw^sintA, a 
[0063] *zx\ MiKv— Ymzmmi-mmtR*. 

iVIiZ-Otcifih t* >y hIS (BLO, BLO' ) Jrefe 
renceh'7 Mfcfc'l/C. jMtR^*<o3:#*.& b'>y h 

[0 064] 011 (a) li', H19c7)b'-y h^gg^fe 
HIK<0f¥iW^-r. 011 ( a ) Izm^X, £-b'y hi?. 

(BLi. BLi ') tt2V**C^-*<>>W*ttiL/»* 
a^^fcl. b'-y HIS i *>£>b'>y MS i ' C««*aEL 

?t o . b'-y hia i '*><c> b;.y hia i izwxMZffi-tii^tf 

hh. -OOb'>y htl^f (BLOtBLO' \ BLU 
BLI ') 0#^r^fl;aSV3*^«MV4t«gE2rB£-r 

mmwmx-hz. %zx\ blohblo'a, b 

L1HBL1 h 5 yx'X^Q 1 

7, Q18, Q19. Q205-ON-T5. 
J±. V3i:V4lBkO«fiaS<OlW«l4:, ffiStRtJ: ' 
3 . CKOJ: 3 (c/b'.y hM«8»fc£igK0OTKV 3 ' t 
V 4 Sr^8S LT . RMWCiftfW S ^ b'-y f>J$St«0fH»« 

MS: i m^^tnmtx'^m^h. an ( b > tc 

[00651 M:. Ztit X-&.W L/l^WM^" 
3tEtStSte*iftS«EBT&jeaW'tcJl«feoTA4. El 

« fc 0 (iJaT^tcfir . Bft MtzB®. ZixfzV- h* 
IftcolSfiiiiSr ffiRfc:«#«| LT . -t O^MPJfWK 1 H^)^SE 

S-ft«LTb'^^N'-;WtfO^M (JbSl) ♦= 
Wx, aV*BQB*H y d<=0K^ 
)«# Sr <V?tm&mzi \ ^X ^ v »£T «*JR8W H 
x , SSK-frH y ^ABfftr i. t»* t WTO J: 5 

{±30 m r y l tc . 

(OO66]013(a).E113(b). RXm 1 3 

( c ) (±^*t5w^CTS-^-ro mw-m.A vn <r>v-Y 

^4tGMRflglP B K0SBi$:0. bjum fc-f* t 7 5 
[O e ] tfiWLl,tz (013(a)). flWfjW). 2^m 
«0-7-HJ«4 tGMRB8lia<OlK?il£0. 6^m 
fc 8 1 [O e ] tm± Lfc (HI 3 ( b ) ) . X. H^JSC 
/)«0.4jt«a C)>7-Ht*4 t GMRK? 1 O^SESiS-O . 3 



1 
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Atm t-fht 1 1.4 [Oe ] tm&Lti (013 
(c) ) .' ZZX'l [Oe] (i&8 0 (A/m) f* 
S.013 (b)coid^. 7— H«4tf>]WI*9K'$- 

(sci ) iOs mmimm r KRjtw s fc*>-c& s . 

113 (c) c5«fc-p{::. -7-K&4i:GMRffi|l tOSE 

msr/hs < -f ft t s v M8##»r ft . ta> l 

&#<D0 13(a)H13 (b), &r/0 1 3 
(c) <Ofl9j£T«i, GMR«lfc«aW"4tvMft23&« 

[006711213 (e) . 013 (f) .013 
( s ) Rtmi 3(h) it*ft!M&my-VW§tzJ: 
Z>mftZ*-t. 01 3 ( e ) OidK, 1»± 

ictt^-r^re. a«iflawofiifi<te**. 01 3 
( f > ic;jrr«fc o tc . v- KiM»fi< -mars ess 

mtb 0,013 ( g )£*c$-J: 3 fc. 
MRJlfcifioltft t . 2 18 ( O e ) tetHWWJilirf 
4.013 ( h ) (tip*- J: 5 tC t'-y MJSO±Tt=7- 
KtM SrtSftft b . 0 1 3 ( a ) <0 2 fig<018W?S£-f 

4. z\<r>mfrh i> > l s&«8E-Ci>*Jit:f ft fcBJWift 
*te**< Sri 

[00 68] (Si. 01 1 (d)tt. t'-^SISStiS 
fc, ffi*>5 mAT, 107 (Oe) tfflMfcWSia}* 
ft 

[ 0 0 6 9 j (no <nmmwm ) %t*sra<o» 1 

O^IBBJBeov^TKWft. 013 (a) , 013 
( b) . JKfHl 3(c) KflaW)fl!5fC1iGMRi!l 
fc*vhl§2(cJ:'D. 7-K«4i:GMRRl 

[0070] ^mmmmru. 014(a). ( b > c 

BBSfSrifi-PttfetLft. 

[00 7 1] (*1 KOSBStfMBffll) 01 2J±**?BO 

mi 1 «aoi0R»*iRT. **y.*/i^«iWfla*»*. 

tltc^b. 015 ( c ) OfS!*fliac^UJtJSl559i»i 

B##?l£ U s W^^^-^KWW^&ESii* . 

01 5 (a) iZ^-TXoiZ. ^-PttlBJfc^S 
-cov-Hif 1 34£8E^U V- K&1ESSJ: 9*8V» 

at»m««*«[*tf. e*woawrBW*««*L. 

tmW.?r Zli t'A, if* -V >"fe JPSB* ft . i W7— H hb 
015 ( a) OJ; /5-»T»->TtHnL. 0 
15 ( c ) «9«fc 3K. Hflf^-K.ilSrfflVX-CfciV^ 0 

15(c) **aimjjrnwt3M f «&#. g 



MttfcJB^ftRfcUi, 015 (b) IC^idtC. V- 
Hlft 1 1' -x hlSco 1 3cXS5tJ # (c -fe ;UEB£ o 0 . 

[0072] 

If. ^WHSY, KSttafooS&fcfc J: 9tiW8*aa*rft 
.XtUKfcWC. 'h$W7-K««aL -'hS&c h i p 

v fc. -fe^^tfOI^icoMi^fgt^ft. X. BfcfOHL 

ft. 

[01 ] *»W)»l«W»B!B*RWrft3t4r>i?5. b 
^fit^*^ ; eu-b/^ffiTM0. BMW* 

[02] *&w<r>M2<vmwMm i tffl i n-tz>tztb<?>^ 
0. 

[04] *»B^SJ4«WBBI»&K»!Wftit*«>. * 

[05] ^Bfleoss 5 vmsmm z mwt ft fe*«o . 
0. 

[06] *fft^»6tfMWW«B*»W-ft/S«>tf5. 7 
-h'$SE^0. 

• [07] *«a^*7^a«WBt«^ft«:tttf5. > 
>-A/f3-^aVV- HtftMBtUSI. 
[08] *9B^K8039tdnmfrK^&/»M>. « 

fRco-fe/i^rw-Ycra^ftv-Htsffiisii D-f3-i 

[09] *^<0^9tfO^JS^S2rlffiBB-rft5t4 , >«. « 

[010] ^9 <r>msmm^mm-t&tnbco-tiuT\y^ 

[01 1 ] £59 a%Nm*tt'9H'*fcti>0> 
[012] *3MB<OSS*SrttW-*-fi«:»OKBB0. 
[01 3] f^*«Wtlt!KLT:*7l B /10^5riM^-r2. 

^y>^0®. 

[014 ]_*KB^g?io<o|OIUBBI*Siii8r«3ty)<iO-t 
;K3rBS0. 

[015] *#m8<ojbi Kvnt&j&m&mpR-thtitw) 

[016] #«GMR)^olliBn0T-Aft. 

[017] *9WWmCR*mthtt±tWWA 
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sa/mmm. 

cui 8] *mi<^*tm&ffi i Rth&v>GMRmm 
fed. 

1, 34, 45, 75, 121, 131. . . GMRI 

4, 4 ', 32, 33, 43a, 43b, 44a, 44 
b. 53a. 54a. 63a. 64a, 73a, 73 
b. 9 5. 96. 1 02A. 102B ; 122, 13 



2.132'... P- KS8 

2, 3, 31. 31 a. 31 1 . 42. 42a, 5 

2. 72. 12 3-t'7 hill 

Ql 1 , Ql 2, Ql 3. Q14. . . . 

WSi. . . 7- FliaiRfflWS-9' 
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PROBLEM TO BE SOLVED: To provide a memory device, which stores information by using the change of a magnetoresistance, is low in power 
consumption and high in sensitivity, and further, in which data are scarcely destroyed by leakage fluxes between adjacent memory cells even if the 
finer structure of the device is employed. SOLUTION: In a semiconductor memory device which is composed of a plurality of bit lines 31, a plurality of 
word lines 32 and 33 and films 34 which are connected to the bit lines 31 in regions where the bit lines 31 and the word lines 32 and 33 cross each 
other and in which magnetoresistance effects are produced by magnetic fields induced by bit line currents or work line currents, the respective word 
lines 32 and 33 are composed of a plurality of word lien wiring layers which are laid in a same direction and in parallel with each other and which are 
built up in layers while the upper layer and the lower layer are separated from each other and, further, which are connected in series to each other. 
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